Introduction
============

Diabetes mellitus is one of the most common chronic diseases in nearly all countries; it is increasing rapidly in every part of the world, to the extent that it has now assumed epidemic proportions. In 2012, more than 371 million people had diabetes,[@b1-dmso-7-095] and this is expected to rise to 552 million by 2030,[@b2-dmso-7-095] rendering previous estimates very conservative.

Several behavioral and environmental factors have contributed to the rise in diabetes incidence in industrialized countries, including overweight (body mass index \[BMI\], ≥25 kg/m^2^), obesity (BMI, ≥30 kg/m^2^), physical inactivity, and increased caloric consumption; these have all been shown to be major risk factors for the development of type 2 diabetes, regardless of age and sex.[@b3-dmso-7-095]

In the US, diabetes is the sixth leading cause of death for women and the fifth leading cause of death for men;[@b4-dmso-7-095] it is also a leading cause of death in most developed countries.[@b1-dmso-7-095] However, only a minority of people with diabetes die from diseases that are uniquely related to the condition -- about 50% of people with diabetes die of cardiovascular disease (CVD), and 10%--20% die of renal failure.[@b5-dmso-7-095]

Diabetes mellitus is associated with both macrovascular (including CVD) and microvascular (including retinopathy, nephropathy, and neuropathy) complications.[@b6-dmso-7-095],[@b7-dmso-7-095] People with diabetes are at a greater risk of developing CVDs, such as heart attack and stroke. The increased risk of CVD results, in part, from CVD risk factors that commonly accompany diabetes mellitus,[@b8-dmso-7-095] as type 2 diabetes is associated with clustered risk factors for coronary heart diseases (CHD) including hypertension, elevated low-density lipoprotein-cholesterol (LDL), and obesity.[@b9-dmso-7-095] Diabetic patients also have elevated risk for sight loss, foot and leg amputation, and renal failure, due to microvascular complications, which cause damage to the nerves and blood vessels.[@b10-dmso-7-095],[@b11-dmso-7-095]

Diabetes has been associated with sexual dysfunction both in men[@b12-dmso-7-095]--[@b14-dmso-7-095] and in women.[@b15-dmso-7-095]--[@b17-dmso-7-095] Diabetes is an established risk factor for sexual dysfunction in men; a threefold increased risk of erectile dysfunction (ED) was documented in diabetic compared with nondiabetic men.[@b12-dmso-7-095],[@b18-dmso-7-095] Among women, the evidence regarding the association between diabetes and sexual dysfunction is less conclusive,[@b19-dmso-7-095],[@b20-dmso-7-095] although most studies have reported a higher prevalence of female sexual dysfunction (FSD) in diabetic women as compared with nondiabetic women.[@b15-dmso-7-095],[@b16-dmso-7-095],[@b21-dmso-7-095]

It is still not clear whether hyperglycemia, which is a main determinant of vascular diabetic complications, may participate in the pathogenetic mechanisms of sexual dysfunction in diabetes. On the other hand, diabetic people may present with several clinical conditions, including hypertension, overweight and obesity, metabolic syndrome, cigarette smoking, or atherogenic dyslipidemia, which are themselves risk factors for sexual dysfunction in both sexes.[@b22-dmso-7-095]--[@b27-dmso-7-095]

Erectile dysfunction
====================

ED is defined as the persistent inability to achieve or maintain penile erection for successful sexual intercourse,[@b28-dmso-7-095] causing decreased quality of life in men.[@b29-dmso-7-095],[@b30-dmso-7-095] ED is a common sexual disorder that increases with age. According to a recent analysis of published works on the prevalence of sexual dysfunction by the International Consultation Committee for Sexual Medicine on Definitions/Epidemiology/Risk Factors for Sexual Dysfunction,[@b24-dmso-7-095] the prevalence of ED was 1%--10% in men younger than 40 years, 2%--9% among men between 40 and 49 years, and it increased to 20%--40% among men between 60--69 years, reaching the highest rate in men older than 70 years (50%--100%). In the Massachusetts Male Aging Study,[@b12-dmso-7-095] diabetic men showed a threefold probability of having ED than men without diabetes; moreover, the age-adjusted risk of ED was doubled in diabetic men compared with those without diabetes.[@b31-dmso-7-095] In addition, it has been estimated that the worldwide prevalence of ED will rise to 322 million cases by the year 2025.[@b32-dmso-7-095],[@b33-dmso-7-095] Several cross-sectional and longitudinal studies showed an association between ED and most of the cardiovascular risk factors, such as diabetes,[@b12-dmso-7-095],[@b29-dmso-7-095],[@b34-dmso-7-095] smoking,[@b35-dmso-7-095] hypertension,[@b36-dmso-7-095] hyperlipidemia,[@b37-dmso-7-095] metabolic syndrome,[@b23-dmso-7-095] as well as depression,[@b38-dmso-7-095] lower urinary tract symptoms,[@b39-dmso-7-095] and poor health state.[@b29-dmso-7-095] Moreover, ED is a marker of significantly increased risk of CVD,[@b40-dmso-7-095] CHD, stroke, and all-cause mortality.[@b41-dmso-7-095]--[@b43-dmso-7-095] ED can be easily detected by having male patients complete standardized questionnaires investigating their sexual function. One of the most practical questionnaires that is administered is the International Index of Erectile Function (IIEF)-5,[@b44-dmso-7-095] which consists of items 5, 15, 4, 2, and 7 from the full-scale IIEF-15; a sum score of 21 or less indicates the presence of ED.

ED and diabetes: risk factors and association
---------------------------------------------

Epidemiological studies suggest that both type 1 and type 2 diabetes are associated with an increased risk of ED, which is reported to occur in ≥50% of men with diabetes worldwide.[@b36-dmso-7-095],[@b45-dmso-7-095] In the Massachusetts Male Aging Study,[@b12-dmso-7-095] diabetic men showed a threefold probability of having ED when compared to men without diabetes; moreover, the age-adjusted risk of ED doubled in diabetic men when compared to those without diabetes.[@b31-dmso-7-095] Most of the studies that described the prevalence of ED in diabetes did not distinguish between type 1 and type 2 diabetes. Two studies[@b46-dmso-7-095],[@b47-dmso-7-095] reported a similar likelihood of having ED among both type 1 and type 2 diabetic men, whereas another report[@b48-dmso-7-095] showed a higher risk of developing ED in men with type 1 diabetes. The occurrence of ED is 10--15 years earlier in men with diabetes;[@b12-dmso-7-095] moreover, ED is more severe[@b13-dmso-7-095] and less responsive to oral drugs[@b49-dmso-7-095],[@b50-dmso-7-095] in diabetes, leading to reduced quality of life.[@b13-dmso-7-095],[@b30-dmso-7-095]

Advanced age and longer duration of diabetes have been associated with an increased risk of ED in diabetic patients.[@b18-dmso-7-095],[@b24-dmso-7-095],[@b48-dmso-7-095] Whether hyperglycemia is a risk factor for the development of ED in diabetic men is still not clear. Some observational studies have shown an association between poor glycemic control, expressed by elevated levels of glycated hemoglobin (HbA~1c~), and ED,[@b13-dmso-7-095],[@b18-dmso-7-095] whereas other studies did not report any association.[@b51-dmso-7-095],[@b52-dmso-7-095] The different methodological approaches used in the different studies may explain, at least in part, these divergent results. Moreover, diabetes is commonly associated with hypertension, hyperlipidemia, overweight and obesity, metabolic syndrome, smoking, sedentary lifestyles, and autonomic neuropathy, which are recognized as risk factors for ED.[@b34-dmso-7-095]--[@b37-dmso-7-095],[@b53-dmso-7-095] Both microvascular[@b51-dmso-7-095],[@b54-dmso-7-095],[@b55-dmso-7-095] and macrovascular[@b48-dmso-7-095],[@b56-dmso-7-095],[@b57-dmso-7-095] diabetic complications also increase the risk of ED in diabetic men. The use of several medications frequently assumed by diabetic patients, such use of antihypertensive drugs (β-blockers, thiazide diuretics, and spironolactone), psychotropic drugs (antidepressants), and certain fibrates, have all been associated with an additive deleterious effect on diabetic ED.[@b58-dmso-7-095],[@b59-dmso-7-095] A moderate consumption of alcohol (not more than 5% of the total daily caloric intake, or ≤7 alcoholic drinks per week) may exert a protective effect on ED in both the general population and in diabetic men.[@b37-dmso-7-095],[@b47-dmso-7-095]

Pathogenesis of ED in diabetes
------------------------------

The pathogenesis of ED in diabetes is multifactorial, as it depends on both psychological and organic factors (which play major roles in ED), as well as psychological and relationship issues, which often coexist. The proposed mechanisms of ED in diabetic patients are represented by vasculopathy, neuropathy, visceral adiposity, insulin resistance, and hypogonadism.

Diabetic vasculopathy concerns macroangiopathy, microangiopathy, and endothelial dysfunction. Macrovascular disease in diabetes corresponds to the atherosclerotic damage in the blood vessels, which limits blood flow to the penis. As mentioned, several cardiovascular risk factors associated with diabetes contribute to the genesis of penile arterial insufficiency: [@b23-dmso-7-095],[@b35-dmso-7-095],[@b36-dmso-7-095] all of them converge on endothelial dysfunction, which represents the common denominator leading to vascular ED.

The chronic insult of hyperglycemia on the endothelium results in endothelial dysfunction, which has been suggested as the link between ED and CVD.[@b60-dmso-7-095] A diagnosis of ED may be seen as a sentinel event that should prompt the investigation of coronary artery disease (CAD) in asymptomatic diabetic men.[@b61-dmso-7-095] Endothelial dysfunction in diabetes is manifested as the decreased bioavailability of nitric oxide (NO), resulting in insufficient relaxation of the vascular smooth muscle of the corpora cavernosa. The potential mechanisms involved in endothelial dysfunction include the accumulation of advanced glycation end products; increased levels of oxygen free radicals that reduce the bioavailability of NO; impaired endothelial and neuronal NO synthesis, expression, and activity; and an imbalance between the vasoconstrictive and vasorelaxant intracellular pathways favoring increased vasoconstriction.[@b45-dmso-7-095],[@b62-dmso-7-095] Esposito et al[@b63-dmso-7-095] observed an increase in circulating endothelial microparticles -- an emergent marker of endothelial dysfunction -- in diabetic men with ED, as compared with nondiabetic men.

Microvascular disease determines ischemic damage in the distal circulation and autonomic and peripheral neuropathy. Both somatic and autonomic neuropathies may contribute to diabetes-induced ED due to the impairment of sensory impulses from the penis to the reflexogenic erectile center,[@b64-dmso-7-095] and reduced or absent parasympathetic activity necessary for relaxation of the smooth muscle of the corpus cavernosum.[@b65-dmso-7-095]

Insulin resistance and visceral adiposity, which are both distinctive clinical traits of type 2 diabetes, are associated with a proinflammatory state that results in the decreased availability and activity of NO, leading to ED in overweight and obese diabetic men.[@b66-dmso-7-095]

Subnormal testosterone concentrations have been found in 25% of men with type 2 diabetes in association with inappropriately low luteinizing hormone (LH) and follicle-stimulating hormone (FSH) concentrations.[@b67-dmso-7-095],[@b68-dmso-7-095] Testosterone regulates nearly every component of erectile function, from pelvic ganglions to smooth muscle, and to the endothelial cells of the corpora cavernosa. It also modulates the timing of the erectile process, which occurs as a function of sexual desire, coordinating penile erection with sex. It is still unclear what level of testosterone is needed for good erectile function; however, evidence derived from clinical and molecular studies supports the use of testosterone replacement in hypogonadal patients with ED, although the benefit--risk ratio is uncertain in advanced age.[@b69-dmso-7-095],[@b70-dmso-7-095] The mechanisms involved in testosterone deficiency in diabetes include low levels of the sex hormone-binding globulin due to insulin resistance, increased aromatase activity in visceral adipose tissue leading to an augmented conversion of testosterone in estradiol, leptin resistance causing reduced secretion of LH and testosterone, and increased levels of inflammatory mediators, which may suppress the secretion of gonadotropin-releasing hormone and LH.[@b62-dmso-7-095],[@b71-dmso-7-095] Bellastella et al[@b72-dmso-7-095] suggested a possible autoimmune pathogenesis of hypogonadotropic hypogonadism in type 2 diabetic patients, as indicated by the presence of antipituitary antibodies at high titers, as compared with age-matched controls.

Treatment of ED
---------------

As a consequence of its multifactorial etiology, the treatment of ED in diabetic men requires a global approach. The first step is to correct the modifiable risk factors and to promote lifestyle changes, whereas the use of phosphodiesterase 5 (PDE5) inhibitors represents first-line pharmacologic therapy ([Table 1](#t1-dmso-7-095){ref-type="table"}).

### Glycemic control and lifestyle modifications

Tight glycemic control, so as to maintain an HbA~1c~ concentration \<7%, is recommended for all nonpregnant adults with diabetes to minimize the risk of long-term microvascular complications.[@b73-dmso-7-095] Although several studies demonstrate an association between poor glycemic control and the risk of ED, it is still not clear whether intensive glycemic control may have beneficial effects on erectile function. Many cross-sectional studies have shown that better glycemic control is associated with improved erectile function.[@b74-dmso-7-095],[@b75-dmso-7-095] In an ancillary study of the Epidemiology of Diabetes Intervention and Complication Study (EDIC),[@b76-dmso-7-095] a period of intensive therapy significantly reduced the prevalence of ED among men suffering from diabetes for 10 years or more and microvascular complications, compared with those with a 1- to 5-year history of disease, but without complications. In type 2 diabetic men, limited data have been reported on risk reduction interventions for ED, and these have had conflicting results.[@b77-dmso-7-095],[@b78-dmso-7-095] Further studies, including adequate sample size and validated ED measurements, are needed to clarify whether intensive glycemic control may produce benefits for erectile function in men with poor glycemic control.

Lifestyle changes, such as increased physical activity, a Mediterranean diet, and reduced caloric intake, have been associated with the amelioration of erectile function in the general male population. Esposito et al[@b79-dmso-7-095] used their database of subjects participating in randomized controlled trials to evaluate whether improvements in erectile function were related to success in achieving lifestyle changes. After ranking men according to their success in achieving the goals of intervention (weight loss, low intake of saturated fat, high consumption of monounsaturated fat and fiber, and moderate physical activity), a strong correlation was observed between the success score and the restoration of erectile function. Moreover, at the 2-year examination point, the number of men without ED was significantly higher in the group randomized to intensive lifestyle changes compared with that of men in the control group. Wing et al[@b80-dmso-7-095] evaluated 1-year changes in erectile function in 306 overweight men with type 2 diabetes mellitus participating in the Look AHEAD (Action for Health in Diabetes) trial; from baseline to 1 year, 8% of men assigned to the intensive lifestyle intervention reported a worsening of erectile function compared to 22% of the control participants. Moreover, the overall IIEF score improved from 17.3 to 18.6 (*P*=0.04 and *P*=0.06, after adjusting for baseline differences) in the intervention group. The suggested mechanisms by which weight loss, healthy diet, and physical exercise can improve erectile function include the amelioration of endothelial dysfunction, insulin-resistance, and low-grade inflammatory state associated with diabetes and metabolic diseases -- all of which are risk factors for ED.[@b81-dmso-7-095] In this vein, the resulting improved inflammatory status may help contribute to reduce the burden of sexual dysfunction in diabetic men.

### Pharmacological therapy

Oral PDE5 inhibitors are considered the first-line treatment for ED.[@b82-dmso-7-095],[@b83-dmso-7-095] These drugs promote erection by inhibiting the PDE5 enzyme, which is responsible for the degradation of cyclic guanosine monophosphate (cGMP) in the cavernous smooth muscle. This inhibition leads to the prolonged activity of cGMP which, in turn, reduces intracellular calcium concentrations, maintains smooth muscle relaxation, and results in rigid penile erections. Sildenafil, vardenafil, and tadalafil are commercially available worldwide, while udenafil and mirodenafil are actually only used in Korea. These drugs differ in their time to onset and in their duration of action, but they show the same efficacy and safety profile. All of them have shown their efficacy in diabetic patients,[@b84-dmso-7-095] although it has been reported that diabetic men with ED are less responsive to PDE5 inhibitors when compared with nondiabetic men with ED.[@b85-dmso-7-095] A randomized, placebo controlled trial, involving 268 diabetic men with ED, reported improved erections in 56% of patients taking sildenafil in a dose-dependent manner, compared with 10% of those in the control group.[@b86-dmso-7-095] In two other multicenter, placebo-controlled studies,[@b87-dmso-7-095],[@b88-dmso-7-095] treatment with vardenafil (10 mg and 20 mg), or tadalafil (10 mg and 20 mg), improved erections in 57% and 72%, and 56% and 64% of patients, respectively, as compared with improvements in 13% and 25% among those in the placebo arms. Diminished NO generation in the penile nerves and/or endothelium, as well as the low testosterone levels of diabetics, may be responsible for the reduced responsiveness to PDE5 inhibitor therapy.[@b85-dmso-7-095] Moreover, findings from both experimental and clinical studies reported that chronic or daily use of PDE5 inhibitors for ED may significantly improve endothelial dysfunction.[@b89-dmso-7-095]--[@b91-dmso-7-095] CHD is not an absolute contraindication for PDE5 inhibitors therapy, but particular caution has to be paid in cases of unstable and severe angina pectoris, recent myocardial infarction, certain arrhythmias, poorly controlled hypertension, and concomitant use of nitrates or nitrate donors: before starting therapy with PDE5 inhibitors, diabetic patients should undergo an overall cardiovascular examination.[@b92-dmso-7-095]

Intracavernosal injection of papaverine, phentolamine, and prostaglandin E1 (PGE1) (alone or in combination), as well as the intraurethral administration of PGE1, are good alternatives for patients who do not respond to PDE5 inhibitors. Both of these two treatment modalities have demonstrated efficacy in ameliorating erectile function in diabetic patients.[@b93-dmso-7-095]--[@b95-dmso-7-095]

Testosterone replacement therapy is recommended in men with ED who show low levels of testosterone.[@b95-dmso-7-095] Different formulations are available, such as gels, patches, tablets, implants, and injections. In a prospective, randomized, double-blind, placebo-controlled study, transdermal testosterone replacement therapy was associated with beneficial effects on sexual function in men with type 2 diabetes.[@b96-dmso-7-095]

Female sexual dysfunction
=========================

FSD is a complex condition that affects women of all ages and races. It is characterized by disturbances in the psychophysiological changes associated with the sexual response cycle in women, and it includes disorders of sexual desire, arousal, orgasm, and pain.[@b97-dmso-7-095] In 2010, the Third International Consensus of Sexual Medicine accepted revised definitions of FSD, emphasizing a model based on a circular pattern of the sexual female response, in which different phases of sexual function can overlap.[@b98-dmso-7-095]

More recently, the *Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition* (DSM-5) released newer and revised definitions, in which sexual desire and arousal disorders have been combined into the "female sexual interest/arousal disorder" category, and vaginismus and dyspareunia have been grouped into the "genito-pelvic pain/penetration disorder" category.[@b99-dmso-7-095] Moreover, all of the sexual dysfunctions outlined in the DSM-5 require a minimum duration of approximately 6 months, and more precise severity criteria must be met in order to provide useful thresholds for making a diagnosis and for distinguishing transient sexual difficulties from more persistent sexual dysfunction.[@b99-dmso-7-095]

Sexual difficulties in women appear to be widespread in society, as they are influenced by both health-related and psychosocial factors; they are also associated with impaired quality of life and interpersonal relationships. Based on data of the National Health and Social Life Survey,[@b33-dmso-7-095] which examined a cohort of adults in the US in 1992, the prevalence of FSD has, for many years, been estimated at 43%, which is higher than the rate reported in men (31%). Large epidemiological studies reported that the prevalence of FSD ranges from 40%--60%,[@b100-dmso-7-095]--[@b102-dmso-7-095] with the highest values observed in postmenopausal women.[@b101-dmso-7-095]

There are common risk factor categories associated with sexual dysfunction in women; these include aging,[@b102-dmso-7-095] diabetes mellitus,[@b16-dmso-7-095],[@b21-dmso-7-095] CVD,[@b103-dmso-7-095] hypertension,[@b104-dmso-7-095] concurrence of genitourinary disease,[@b24-dmso-7-095] psychiatric/psychological disorders,[@b101-dmso-7-095] cancer,[@b105-dmso-7-095] and other chronic diseases.[@b106-dmso-7-095],[@b107-dmso-7-095] Moreover, limited social relations, financial difficulties, employment status, religious beliefs, educational background, and lack of exercise represent the sociocultural risk factors of FSD.[@b97-dmso-7-095]

FSD and diabetes: risk factors and association
----------------------------------------------

FSD have been described in diabetic women since the early 1980s. Sexual disorders reported in women with diabetes include the reduction or loss of sexual interest or desire, arousal or lubrication difficulties, dyspareunia, and loss of the ability to reach orgasm.[@b108-dmso-7-095],[@b109-dmso-7-095]

FSD has been associated with both type 1[@b15-dmso-7-095],[@b19-dmso-7-095] and type 2 diabetes.[@b16-dmso-7-095]--[@b18-dmso-7-095] A recent meta-analysis[@b110-dmso-7-095] that included 26 studies, 3,168 diabetic women, and 2,823 controls showed that FSD is more frequent, and is associated with a lower Female Sexual Function Index (FSFI) score in diabetic women than in controls. In particular, the risk for FSD was 2.27 (95% confidence interval \[CI\]: 1.23--4.16) and 2.49 (95% CI: 1.55--3.99) in type 1 and type 2 diabetic women, respectively. Furthermore, the risk for FSD was 2.02 (CI: 1.49--2.72) when considering "any diabetes" (which represented the two forms of diabetes together). Interestingly, an increased risk of FSD was found in premenopausal women with "any diabetes", but not in postmenopausal women. Moreover, at meta-regression, among the independent variables, only BMI was significantly associated with the FSFI effect size (*P*=0.005), suggesting that the higher frequency of FSD and lower FSFI score found in diabetic women may be related to body weight. Several studies have already shown an increased prevalence of FSD in women affected by obesity[@b111-dmso-7-095]--[@b113-dmso-7-095] and metabolic syndrome.[@b27-dmso-7-095],[@b114-dmso-7-095] Studies that have focused on type 1 diabetic women have provided a valid opportunity to investigate the role of diabetes on sexual function, independent of other associated comorbidities. In type 1 diabetic women, FSD appears to be correlated mainly to psychological factors, such as depression, anxiety, and marital status.[@b15-dmso-7-095],[@b19-dmso-7-095] Results from a large prospective study of 625 women with type 1 diabetes[@b15-dmso-7-095] showed that depression was the major predictor of sexual dysfunction.

Studies examining FSD in individuals with type 2 diabetes are less conclusive and are limited by small study sizes;[@b17-dmso-7-095],[@b111-dmso-7-095] the determinants of sexual function in type 2 diabetes include age, duration of diabetes, menopause, microvascular complications, and psychological complaints. In one large study[@b16-dmso-7-095] that evaluated 613 diabetic women and 524 controls, it was found that the longer duration of diabetes, older age, higher BMI, the presence of CVD, and the presence of diabetic complications was significantly associated with worse sexual function. In a study by Esposito et al,[@b21-dmso-7-095] it was found that metabolic syndrome and atherogenic dyslipidemia were independent predictors of FSD in 595 type 2 diabetic women, although only depression and marital status were the strongest independent factors associated with FSD.

In conclusion, psychological concerns may play a significant role in the development of FSD in both type 1 and type 2 diabetes. This is in line with the complex nature of female sexuality, which is largely dependent on psychological and cultural factors, even more so than male sexuality.

Pathogenesis of FSD in diabetes
-------------------------------

The normal female sexual response needs the integrity of the sensory and autonomic nervous systems in order to respond to erotic stimuli, as well as of the vascular districts that supply blood to the external genitalia and vagina. Both the smooth muscle relaxation of female genitalia erectile tissue and the enhancement of genital blood flow are dependent upon the action of nonadrenergic/noncholinergic neurotransmitters, such as vasoactive intestinal polypeptide (VIP) and NO. The regulation of blood flow and clitoral erectile function is governed by the same NO/cGMP pathway in women as that involved in erectile function is in men. NO and PDE5 have been identified in human clitoral smooth muscle,[@b115-dmso-7-095],[@b116-dmso-7-095] indicating a key role of NO in female sexual function. Normal levels of various hormones are also required for physiologic sexual activity. Diabetes may affect all of these integrated systems, leading to sexual dysfunction. The mechanisms involved include hyperglycemia, infections, vascular and neurological damage, and hormonal disorders.[@b117-dmso-7-095]

Hyperglycemia reduces the hydration of the vaginal mucus membranes, producing poor vaginal lubrication and dyspareunia.[@b118-dmso-7-095] Moreover, hyperglycemia increases the risk of genitourinary infections which, in turn, may lead to vaginal discomfort and dyspareunia.[@b119-dmso-7-095]

Diabetes-induced vascular and nerve dysfunctions may impair the sexual response by producing structural and functional changes in the female genitalia. Studies in animals showed that diabetes may affect arousal and orgasmic sexual responses by inducing impaired relaxation responses of the vaginal tissue to almost all transmitter systems,[@b120-dmso-7-095] decreasing nerve-stimulated clitoral and vaginal blood flow, producing diffuse fibrosis of the clitoris and vaginal tissues, and reducing the muscular layer and epithelial thickness in the vagina.[@b121-dmso-7-095]--[@b123-dmso-7-095] Vascular abnormalities, including atherosclerotic damage and diabetes-induced endothelial dysfunction, may be responsible for reducing the engorgement of the clitoris and for reducing lubrication of the vagina, leading to decreased arousal and dyspareunia during sexual intercourse.[@b121-dmso-7-095] Diabetic neuropathy may further contribute to the pathogenesis of sexual dysfunctions by altering both the normal transduction of sexual stimuli and the triggered sexual response.[@b124-dmso-7-095],[@b125-dmso-7-095]

It has been hypothesized that FSD may be the consequence of an imbalance in the hormonal levels of diabetic women, as indicated by epidemiological studies showing a correlation between alterations in the levels of androgens, estrogens, as well as sex hormone-binding globulin and sexual problems in diabetic women.[@b126-dmso-7-095] Moreover, several endocrinological pathologies that may be associated with diabetes, such as thyroid disorders, hypothalamic--pituitary dysfunctions, and polycystic ovarian syndrome, may further contribute to sexual dysfunctions in these women.[@b107-dmso-7-095]

Depression is strongly associated with diabetes.[@b127-dmso-7-095] Most epidemiological studies showed that psychosocial factors are the main contributors to sexual dysfunctions in both type 1[@b15-dmso-7-095],[@b19-dmso-7-095] and type 2 diabetes.[@b21-dmso-7-095],[@b101-dmso-7-095] Depression seems to be the principally established determinant of sexual dysfunction in women with diabetes.[@b15-dmso-7-095],[@b19-dmso-7-095],[@b99-dmso-7-095],[@b128-dmso-7-095] Diabetic complications may also affect health and relationship status, quality of life, and a woman's self-image, generating a vicious cycle that may have detrimental effects on sexual performance.[@b15-dmso-7-095],[@b16-dmso-7-095],[@b129-dmso-7-095]

To conclude, FSD pathogenesis in diabetes is complex, and current studies have not yet clarified all of the pathological pathways involved; these studies are limited by small sample sizes, lack of standardized definitions of sexual dysfunction, and inadequate characterization of diabetes with regard to glycemic control, the presence of complications, and the presence of depression. In contrast to what is described in men, female sexual function appears to be more related to social and psychological components than to the physiological consequence of diabetes.

Treatment of FSD
----------------

At present, no specific guidelines are currently available for the treatment of FSD in diabetes; therefore, therapeutic possibilities for sexual dysfunction in diabetic women refer to lifestyle changes, optimal diabetic control, psychotherapy, and selected medications when appropriate ([Table 2](#t2-dmso-7-095){ref-type="table"}).

Major health organizations recommend that individuals adopt a healthy lifestyle (including engaging in physical activity and adopting a Mediterranean-style diet for the prevention of cardiovascular risk factors), and screen for and treat depression.[@b25-dmso-7-095] Giugliano et al[@b130-dmso-7-095] found a positive association between one's adherence to a Mediterranean diet and FSFI score in 595 type 2 diabetic women; women with the highest level of adherence to a Mediterranean diet had the lowest prevalence of sexual dysfunction. The same group evaluated the effect of a Mediterranean diet on sexual function in 59 women with metabolic syndrome.[@b131-dmso-7-095] Thirty-one women with a diagnosis of FSD and metabolic syndrome were assigned to the Mediterranean-style diet and 28 to a standard control diet. After 2 years, sexual function improved in the intervention group, and remained stable in the control group. The Look AHEAD Sexual Dysfunction Ancillary study[@b132-dmso-7-095] examined the effects of an intensive lifestyle intervention when compared with a control group (which received diabetes support and education) in 229 sexually active type 2 diabetic women. After 1 year, among women with FSD at baseline, those in the intensive lifestyle intervention group reported greater improvements in their total FSFI scores and across most of the FSFI domains, and they were also more likely to experience a resolution in FSD, as compared with those in the diabetes support and education group. The adoption of healthy lifestyles may reduce insulin resistance, endothelial dysfunction, and oxidative stress, all of which are desirable achievements for diabetic patients. The resulting improved well-being may further help reduce and prevent sexual dysfunction in women.

Sexual dysfunction in diabetic women may benefit from both the resolution of psychological issues and the treatment of depression with specific medical therapy. Moreover, achieving adequate glycemic control is of paramount importance for diabetic women, in order to help reduce the risk of genitourinary infections and avoid complications.

At present, there are no Food and Drug Administration-approved transdermal or oral androgen therapies for FSD, whereas hormonal replacement therapy is approved for postmenopausal women. Acting on NO-mediated smooth muscle relaxation to increase vasodilatation, PDE5 inhibitors might theoretically improve vaginal lubrication and vulvar engorgement. In contrast, few successes have been reported for the use of these agents in the treatment of sexual arousal problems in women; this is likely due to the inconsistencies observed between the physiological and psychological factors on sexual response,[@b133-dmso-7-095] or the low PDE5 levels noted in the female reproductive system.[@b134-dmso-7-095]

Further research is needed in order to investigate the effects of diabetes on female sexual function, and hence to provide effective therapeutic opportunities for these women.

Conclusion
==========

Diabetes mellitus is a growing public health concern, leading to cardiovascular, psychological, and sexual dysfunctions. Diabetes is a well-known cause of ED, with prevalence rates approaching 50% in both type 1 and type 2 diabetes. The determinants of ED in diabetic men include glycemic control and most of the principal cardiovascular risk factors, such as hypertension, hyperlipidemia, overweight and obesity, metabolic syndrome, smoking, and sedentary lifestyles. Moreover, ED is an independent risk factor for the new onset of CVD, and it is an important predictor of the development of major cardiovascular events in diabetic patients with known CAD. The debate as to whether FSD should be classified as a dysfunction similar to ED or whether it should be considered a pathologic condition at all is not ended. Although diabetic women suffer from the same neurovascular complications that contribute to the pathogenesis of ED in men, results of sexual functioning of diabetic women are less conclusive. However, a high prevalence of FSD has been described in both type 1 and type 2 diabetic women as compared with non-diabetic women, with most studies reporting psychosocial issues as a main determinant of FSD. Although ED in men has been recognized as a powerful predictor of major cardiovascular events, it is still not clear whether FSD may be indicated as a risk factor for CVD. Based on the current limited data, it seems as though an association between female sexual health and vascular risk factors (hypertension, hyperlipidemia, metabolic syndrome/obesity, diabetes, and CAD) exists; however, at the present time, there are no data supporting the idea that FSD can be indicated as a predictor of future cardiovascular events.[@b25-dmso-7-095] The promotion of a healthful lifestyle, including the adoption of a healthy diet and engaging in exercise, for the prevention and treatment of cardiovascular risk factors among individuals of all ages yields great benefits and reduces the burden of chronic diseases. Extending beyond the specific effects on sexual dysfunction in men and women, the adoption of these measures promotes a healthier life and increased well-being, which in turn, may help to reduce the burden of sexual dysfunction.
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###### 

Summary of the behavioral and pharmacological therapies of erectile dysfunction in diabetes

  Therapy                                                                      Mechanism of action                                                                                                                                             Indication
  ---------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------
  Lifestyle changes (weight reduction, smoking cessation, physical exercise)   Risk factor modification                                                                                                                                        Obesity and associated cardiovascular risk factors
  PDE5 inhibitors                                                              They inhibit the PDE5 enzyme, prolonging the activity of cGMP in the cavernous smooth muscle, resulting in increased vasorelaxation and rigid penile erection   First-line pharmacological therapy (contraindicated in nitrate users)
  Intracavernosal or transurethral vasoactive substances:                                                                                                                                                                                      Second-line pharmacological therapy, unresponsive to PDE5 inhibitors
  -- PGE1                                                                      It increases the concentration of cAMP, causing smooth muscle relaxation                                                                                        
  -- Phentolamine                                                              Alpha adrenoreceptor blocker                                                                                                                                    
  -- Papaverine                                                                Nonspecific PDE inhibitor                                                                                                                                       
  Testosterone                                                                 It replaces normal testosterone levels                                                                                                                          Diabetes-associated hypogonadism

**Abbreviations:** PDE5, phosphodiesterase-5; cGMP, cyclic guanosine monophosphate; PGE1, prostaglandin E1; cAMP, cyclic adenosine monophosphate; PDE, phosphodiesterase.

###### 

Summary of the available therapies for female sexual dysfunction

  -------------------------------------------------------------------------------
  Modification of risk factors (weight control, healthy diet, regular exercise)
  Addressing psychological issues
  Cognitive behavioral psychotherapy for desire disorders or vaginismus
  Clitoral therapy device for arousal or orgasm disorders
  Treatment of depression, if present
  Hormonal replacement therapy in postmenopausal women
  -------------------------------------------------------------------------------
